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This invention relates to self-starting synchro 
nous electric motors, and more particularly to a 
hysteresis motor of this type which is of rela 
tively small size and which is adapted for use in 
a number of relations, such as with electric clocks, 
measuring devices, recording devices, meters, etc. 
One object of the invention is to produce a 

strong and durable self-starting Synchronous 
motor which will have improved characteristics 
with respect to similar types of motors now in 
Se 
Another object of the invention is the provision 

of a motor of the type described which will have 
a relatively great starting torque and at the same 
time will be synchronous in operation. 
Another object of the invention is the provision 

of a motor of the type described, which will oper 
ate at a relatively low Speed. 
Other objects of the invention are to provide 

improved shaft bearings for devices of this char 
acter, and to provide an improved method of con 
structing the gear housing and Securing it to the 
supporting frame of the motor. 
To these and other ends the invention consists 

in the novel features and combinations of parts 
to be hereinafter described and claimed. 
In the drawing: 
Fig. 1 is a front elevational view of an electric 

motor embodying my improvements; 
Fig. 2 is a sectional view on line 2-2 of Fig. 1; 
Fig. 3 is a partial sectional view on line 3-3 

of Fig. 2; w 
Fig. 4 is a plan view of the rotor; 
Fig. 5 is a sectional view on line 5-5 of Fig. 1, 

this view being enlarged to show various parts of 
the apparatus in greater detail; and 

Fig. 6 is a sectional view through the bearing 
of the rotor shaft taken on line 6-6 of Fig. 5. 
To illustrate a preferred embodiment of my in 

vention I have shown a field core to comprising a 
series of laminated sections placed flatWise to 
gether in the usual manner. These sections are 
generally of ring shape, as shown more especially 
in Figs. 1 and 3, and are provided at spaced points 
with inwardly and radially extending pole pieces 
2. The number of these pole pieces may, of 
course, be varied according to the characteristics 
desired of the motor, there being four of such 
parts in the illustrated embodiment. 
The laminated sections f are held together by 

means of the bolts 3, which pass through the 
sections and also serve to Secure the field to a 
frame or support member 4, there being spacing 
members 5 placed upon these bolts between the 
field magnet and "the Supporting member. 

(C. 172-278) 
Windings or coils 6 are placed about the pole 

members 2, and the adjacent coils will be wound 
in opposite directions, so that the free ends of the 
adjacent pole members are of opposite polarity 
when energized by a current passing through the 
coils. It will also be noted that the inner ends 
of the pole pieces are bifurcated, providing a recess 

separating the spaced poles 8 and 9, the re 
CeSS Serving to accommodate a shading coil 20 
about the pole end 9. We may, therefore, speak 
of the pole 9 as the shaded pole and the pole 
8 as the unshaded pole. 
Bridge members 2 extend between adjacent 

pole members, contacting at One end with a shaded 
pole 9 and at the other end with an unshaded 
pole f8. While these members serve as bridge 
members in that they by-pass a certain amount 
of magnetic flux from one pole to the other so 
that this flux does not pass through the rotor, 
they also serve as extensions of the shaded poles, 
as Will be explained. 
These bridge members may be made of soft 

Steel, and are of arcuate shape and of consider 
able area in croSS-Section. It will be noted, as 
shown more particularly in Fig. 3, that the end 
of the bridge member 2 adjacent the shaded pole 
9 contacts flatly over its entire area with this 

pole. At the other end, however, the bridge mem 
ber is Wedge-shaped at its end, as shown at 22, 
and provided With a relatively sharp edge which 
may conveniently be disposed in a Small notch 
23 formed laterally in the unshaded pole. This 
provides for a contact of reduced area between 
the unshaded pole and the bridge member 2, so 
as to provide a reluctance at this point which 
Serves to reduce the amount of magnetic flux 
by-passed about the rotor. Also by providing a 
greater area of contact between the shaded pole 
and the bridge member than between this men 
ber and the unshaded pole, this member serves 
as an extension of the shaded pole and Serves to 
carry the flux of the latter pole. It may also be 
observed that the effect of Such construction is 
different from that which would be obtained if 
the shaded pole Were merely made of larger area 
than the unshaded pole, for in Such case the 
shading coil will usually Surround the entire pole 
and the strength of the flux over the whole area, 
of the pole will be constant. In the present case, 
however, where an extension is provided upon the 
pole beyond the shading coil, the strength of 
the flux probably tapers off throughout this ex 
tension or bridge member, and gradually becomes 
weaker as the distance from the pole becomes 
greater, 
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The rotor, as shown more particularly in Figs. 

l, 3 and 5, comprises a ring member 25 carrying 
radial spokes 26 to the outer ends of which is Se 
cured a drum 27. The ring member 25 is secured 
to a hub 28, which in turn is secured to the rotor 
shaft. 29. It will be apparent from Figs. 4 and 
5 that the drum member 27 of the rotor is rela 
tively wide, being substantially the same width as 
the bridge members 2 and slightly wider than 
the thickness of the field magnet. Also at each 
edge the drum member is slightly cupped or 
tul'ned over to provide peripheral flanges 30 and 
3. 
The rim or drum member of the rotor is pro 

vided with a series of helical slots 32, there being 
12 of such slots in the particular motor illus 
trated herein, and it will also be noted that tie 
ends of said slots have a slight overlapping rela 
tion circumferentially of the drum, that, is to 
Say, any line diaWI across the surface of the 
drum parallel to the rotor axis will intersect, at 
least One of the slots. The slots give the cotor 
its Synchronous characteristics, and, when heli 
cally disposed in this manner, the rotor Will a 
Self-Starting, and it has also keen found advan 
tageous to provide them of the proper angle and 
length. So that there will be the slight, overlap 
ping 'eferred to. The drum of the rotox is of 
hal'dened. Inagnetic imaterial such as magnetic 
Steel, While the spokes are soft, so that he 38 
ter Will not have the cin2racteristics of a parya, 
in ent inhagnet, and inereiy 3rovide the support for 
tile grun).--Shaped loor. 

ic a Supporting (neringei E2 is secured a gear 
case 33 containing suitaicle gearing 35 which it, 
is not necessary to descrice in detail, this gear 
ing constituting a reducigg gearing connecting 
the notor shaft 29 with the power outlet, shaft, 
35. The gear casing 22d associated parts at 
Secured in place in 2, novel Way which Will now 
be described. A circular disk-sinapad portion 3 
is cut froSa the Sile:Iniges' (). Ehe opening left, 
by Cutting out this disk-snaged member is then 
slightly enlarged. The neinbei 35 is then if 
Seated into the mouth of the clip-shaped gear 
housing 35, in which it, nakes a tight it. This 
edge of Eine gear housing is ther pressed tightly 
in the Opening in the meinbei (, thus securing 
the paits effectively together without the en 
pioyment Of Solder or like material for this pur 
pose. rior to the assembly of these parts the 
not Ol' shaft, the power outlet, shaft, and asso 
ciated gearing are secured is glace to the Ymen 
ber 3). 

Secured in an opening in the disi SE is a loi 
low bearing sleeve or housing 33, having adja 
cent its ends bushings 39 and (C providing bear 
ings for the rotor Shaft, 29. The sleeve 3G is 
provided with a shoulder portion (, upon one 
Side of the inenber 7, and the metal of the 
sleeve is upset, as shown at 22, at the other side 
of this member to secure the sleeve in place and 
to make a tight joint between the sleeve and the 
member 3 to prevent the escape of oil. A pack 
ing sleeve (23 of fabric or suitable oil absorbent, 
material may be disposed about the rotor shaft 
29 within the sleeve 38 in order to keep the shaft 
lubricated. A supply of oil 35 is placed within 
the gear case 34, and this oil is carried by the 
gearing and shaft 29 into the sleeve 38 to satu 
rate the packing 33. The bearing 46 at the inner 
end of the sleeve 38 is provided with a number 
Of axial openings 6, so that any excess oil drip 
ping from the packing 43 will flow back through 
these openings into the geai casing, which serves 

2,160,078 
as a reservoir for the oil. In this manner the oil 
Will be prevented from Working out through the 
sleeve 39 about the shaft 29. The power outlet 
Shaft is mounted in a bearing 4 constructed 
similarly to the bearing sleeve 38. This sleeve 
4 is mounted in a plate 48 secured to the por 
tion 37 of the plate 4 by the studs or bolts 49 
and spacing members 50. The outer end 5 of 
sleeve 4 is threaded and receives a nut 52 which 
compresses the washer 53 against the surround 
ing portion of the gear case 34 in order to pre 
vent escape of oil about the sleeve 47. As the 
bearings for the shaft 36 within this sleeve are 
constructed similarly to those of the shaft 29, 
it will be seen that escape of oil from the gear 
casing is effectively prevented, for the oil Can 
not escape about either of the bearing sleeves, 
and all that enters the sleeve will be returned 
to the gear casing through the openings in the 
inner bearing bushings. 

Seif-starting Synchronous motors usually fall 
into one of two classes. Ehey are either so-called 
induction notors or hysteresis notors. The in 
duction motoi is usually characterized by the 
fact, tina, Short-circuited non-magnetic, usually 
copper, conductor's are placed in the rotor, which 
conductors are acted upon by the shifting field 
to produce a starting or accelerating torque, and 
the rotoi is also usually provided with projec 
tions or teeth for Elizag geometrical poles which 
are acted upo: by the alternations of the field 
to hold the roto: i: Synchrorisy, &c the start 
ing action depends upon the current induced in. 
the conducting material in lie rotor. 
The present, notor distinguishes from the in 

duction type 1 notors in that it has no coppel' or 
other conducting Katerial in the rotor, and does 
act depend for itS operatio, upon 8, iioW of CUI'- 
!"ent in the rotor, which, in he present instance, 
COEmprises a ladeled Steel cylinder or drinka,V- 
ing diagonai slots across its periphera Surface. 

it?agnetic poles are produced in this rotoi by 
the current in the stationary field structure. As 
the magnetissil. ii. She stationary field structure 
shifts from the Ulshaded to the Shaded poles, 
the nagnetic poles in the roo tend to shift 
ilkeWise. The tendency of the hardened. Steel 
rotor to resist shifting of its magnetic poles, 
Which is called hysteresis or rennanence, pro 
duces a torque eve). When the rotor is stationary. 
If the Inotoi is permitted to run, this torque con 
tinues to exist up to that speed at which a point, 
On the rotoi" is carried fi'OIn the shaded to the 
unshaded poie in time with the shift of the fiu: 
between then. The Synchronous speed at Which 
the motor tends to operate is determined by the 
arrival of the magnetized poies or spots on the 
rotor, underneath the Stator poles in time With 
the alternations in current in the latter. This 
Inay be a different Speed from the Speed deter 
mined by the shifting flux, and if so, it is some 
times called a Sub-Synchronous speed. 
The load which such a notor will carry at its 

Synchronous operating Speed is determined by 
the force necessary to shift the permanently 
magnetized Spot in the rotor iron, so that the 
more firmly these magnetized spots are held in 
place, the greater Will be the operating torque of 
the motor. However, it is important that the 
shift of the Anagnetized Spots during starting is 
not entirely prevented, for greater starting torque 
is obtained if the spots are free to shift to some 
exterit. If, for example, the magnetized spots 
in a hard steel rotor were rigidly held, then the 
Spot Which became magnetized underneath the 
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unshaded pole of a field when the motor was at 
rest could not move toward the shaded pole as 
the field shifts, as the shifting field quickly moves 
so far away from the magnetized spot as to have 
very little effect upon it. If the magnetized spot 
is permitted to shift in the iron of the rotor, and 
follow to some extent the shifting field from the 
unshaded to the shaded pole, there will be a 
strong force acting upon it, and it will pull or 
draw the rotor with a force depending upon the 
degree to which the rotor iron resists the motion 
of the magnetized spot in itself, or the force due 
to hysteresis or rennanence. 
The provision of the diagonal slots in the rotor 

illustrated serves to permit a certain amount of 
movement of the magnetized spots in the rotor, 
while at the same time limiting this movement 
or preventing the free movement of these spots 
So that a high starting or accelerating torque 
will be present. At the Sane tine the rotor will 
have no pronounced geographical poles (aithough 
it will develop polarity to some extent, probably 
in the Strips between the rotor slots), and So will 
be held to a synchronous speed below that cf 
the maximum speed which would be produced by 
the Starting torque alone. 
AS is Well known, the presence of the conduct. 

ing material Or Shading rings about the shaded 
portion of one of the pole ends ends to reduce 
the value of the fix in this pole end eigw that, 
in the unshaded pole. It is desirable, however, 
to make the flux in the shaded portion of the 
pole as strong as possible. This is accomplished 
in the present instance by providing an extensic? 
to the face of the Siha, died pole in the is fit of the 
strap or bridge member 2, which extends froir 
the shaded portion of one pole member to the lin 
shaded portion of the adjacent pole rhember. Et, 
will be noted, however, that this bridge remoer 
has a more intimate contact with the shaded pole 
than With the unshaded pole, this providing a 
reluctance at the latter end, so that the bridge 
member will be of the same magnetic polarity as 
the Shaded pole, and not be affected by the flag 
netism in the unshaded portion of the next adi 
jacent pole member. 

Tests have shown that a motor constructed in 
accordance With the principles outlined has 2. 
relatively high starting torque, and will carry a 
Relatively large load at its Synchronous speed. 
hio;'eover, it is of Simple construction and can 
ise in artifactured at 3, relatively low cost. The 
in it: shown will run Synchronously at a speed of 
60G : 373ilitions per minute, which is a relatively 
slow speed, and when used as a clock motor, for 
example, to drive the Second hand of a clock, it 
does not require as great reduction in gealing as 
the uSulai clock motor which runs at a highe: 
Speed. 
While I have shown and described a preferred 

embodiment of ray invention, it will be under. 
stood that it is not to be limited to all of the 
details shown, but is capable of modification and 
Variation. Within the Spirit of the invention and 
within the scope of the appended claims. 
What I claim is: 
1. A self-starting synchronous motor of the 

hysteresis type having a stator provided with 
shaded and unshaded poles for producing a 
pulsating and shifting field, bridge members be 
tween said poles carrying the flux of the shaded 
poles, a rotor operating in said field made wholly 
of remanent magnetic material whereby mag 
netized spots are produced therein, said rotor 
being of hollow cylindrical form, the remanence 

3 
of the material of the rotor offering resistance 
to the shifting of said spots, and said rotor being 
provided with an annular series of openings be 
tween the edges thereof to additionally limit the 
shifting of Said spots, said openings comprising 
closed helically arranged slots extending in a 
generally axial direction. 

2. A self-starting synchronous motor of the 
hysteresis type having means for producing a 
pulsating and shifting field, a rotor Operating 
in Said field made wholly of remanent magnetic 
material whereby magnetized spots are produced 
therein, and said rotor comprising a cylindrical 
band of material supported from the rotor axis, 
said band having a series of helical slots formed 
therein, the ends of said slots being in over 
lapping relation one with another. 

3. A Synchronous motor of the hysteresis type 
having a stator field providing pulsating and 
shifting components of flux, a rotor mounted to 
rotate in said field and responsive to both flux 
coinponents, said field comprising a plurality of 
pole members each having shaded and unshaded 
poles, a bridge menaceir extending from a shaded 
gcle of one poie inenber to the unshaded poie of 
an adjacent pole meinber, said bridge member 
Contacting with both said poles, and means pro 
viding a reluctasnce at the point, of contact of the 
ridge neinber with the unshaded pole whereby 
he late serves as a £xtension of the shaded 
gie. 
&. A Sy:achroncus otoi of he hysteresis type 

..aving a stator field providing pulsating aid 
Shifting components of iux, a, rotor mounted to 
rotate in Said field and responsive to boil flux. 
components, said field comprising a plurality of 
poie mengers each having shaded and unshaded 
poles, a gridge member eXterading from a sinaded 
pole of one pole inneber to the unshaded pole of 
an adjacent pole meltiber, Said bridge nienber 
contacting with both Said poles but making a 
raore initiate contact. With the shaded than with 
the unshaded pole, whereby the bridge member 
carries the filux of the shaded pole. 

5. A synchronous motor of the hysteresis type 
having a stator field providing pulsating and 
shifting components of flux, a rotor mounted to 
rotate in said field and responsive to both flux 
components, said fleid comprising a plurality of 
pole neinbers each having Shaded and unshaded 
poles, a bridge menaber extending from a shaded 
pole of one pole member to the unshaded pole of 
an adjacent pole member, Said bridge member 
contacting with both said poles but being reduced 
ii) Size at its end contacting with the unshaded 
pole to provide reluctance at this point, whereby 
the bridge in ember carries the flux of the shaded 
pole. 

6. A self-starting synchronous motor of the 
hysteresis type having a stator field providing 
rotating and shifting components of flux, a rotor 
mounted to rotate in said field and responsive to 
both flux components, Said field comprising a plu 
raity of pole members each having shaded and 
unshaded poles, a, in ember extending from a 
shaded pole to an unshaded pole to carry the flux 
of the shaded pole and to by-pass a part of the 
fiuX from One of Said poles to the other, said rotor 
comprising a cylindrical band of remanent mag 
netic material having unbroken edges, and said 
rotor having helically directed slots formed in the 
laterial thereof, there being a Series of Such slots 
extending around the rotor. 

7. A rotor for a self-starting synchronous motor 
of the hysteresis type, Said rotor being of hollow 
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4. 
cylindrical form and consisting of a pair of con 
tinuous end rings joined by helically disposed 
strips of material providing helically disposed 
slots between said strips, said rotor being con 
posed wholly of magnetic materiai. 

8. A synchronous motor of the hysteresis typ3 
having a stator field providing pulsating and 
shifting components of ful:, Said field comprising 
a plurality of poie neakers each having shaded 
and unshaded poles, a 3ridge Rae ab3 of arcuate 
shaga extending from a shaded pola to an adja 

2,260,078 
cent anshaded pole adjacent the inner ends 
thereof to by-pass magnetic flux from one pole to 
he other and to serve as an extension of the 
shaded pole, a rotor Operating in said field made 
wholly of remanent magnetic material, said rotor 
comprising a cylindrical band of material having 
unbroken side edges and ar, anillar series of 
openings provided in Said and cetween the edges 
Gigi'eof. 
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